ABSTRACT The World Health Organization (WHO) protocol for determining resistance in body lice, Pediculus humanus humanus (L.), requires holding lice for long periods, which makes successful execution of the test difÞcult in Þeld settings. The purpose of this study was to modify the WHO test procedure to make the holding period of lice shorter and the handling of lice easier. Susceptible lice from a laboratory colony were placed in a petri dish containing a paper that had been treated with an insecticide solution. After 6 h, the petri dish was turned on its side and lightly tapped on the table. Lice that were unable to cling to the paper were counted as knocked down. The KD 50 in mg (AI)/ml of the insecticide solution used to treat the papers was as follows: lindane 0.060, permethrin 0.115, d-phenothrin 0.554, and malathion 1.008. If the diagnostic dose is set at 2 times the KD 99 , for this test procedure the diagnostic doses and WHO equivalent dose would be lindane, 0.368 mg (AI)/ml (WHO 0.132%); permethrin, 0.498 mg (AI)/ml (WHO 0.206%); d-phenothrin, 2.680 mg (AI)/ml (WHO 1.107%); and malathion, 5.212 mg (AI)/ml (WHO 2.020%).
RESISTANCE OF BODY lice, Pediculus humanus humanus
, to insecticides has been a concern for decades, and several techniques have been used to determine resistance levels. Hurlbut (1952) demonstrated resistance in body lice in Korea by applying DDT louse powder to cloth. In 1953, The World Health Organization (WHO) developed a standard kit using cloth with dusting powder (Rao 1958) . Cole and Clark (1961) used a piece of cloth treated with insecticide and placed in a glass beaker to assess resistance. WHO 1981 converted the louse resistance testing protocol to insecticide-impregnated papers. The WHO protocol for organophosphates and carbamates speciÞes determining mortality 24 h after exposure (exposure times range from 5 h to 1 d) to the standard impregnated papers. Lance Sholdt (personal communication) reported difÞculties with the WHO test protocol. Under Þeld conditions it was difÞcult to hold Þeld-collected lice for the required time (up to 2 d) without causing excessive control mortality. In addition, the test required placing the lice on rectangular test paper and covering them with a petri dish weighted down to prevent escape. The lice had to be removed from the treated paper and placed in a separate clean container. This proved awkward and difÞcult under certain Þeld situations and some lice would attempt to escape and be injured by the petri dish when it was placed over them. This study was undertaken to develop a test system with a shorter holding period and an easier method of handling the insects.
Materials and Methods
Test Materials. Tests were conducted using lice from Insect Control and Research (ICR), Baltimore, MD. This colony was established at ICR in 1973 with lice from a colony, established in the 1940s, at the USDA research laboratory in Orlando, FL (currently the Center for Medical, Agricultural, and Veterinary Entomology, Gainesville, FL). The colony has not been exposed to insecticide selection. ICR has maintained the lice in the laboratory on rabbits. Lice used for testing were offered a blood meal 1Ð3 h before the test. Adults of unknown age and sex were used for the tests.
The following technical grade pesticides, their percentage (active ingredients), and supplier were tested: permethrin 25% cis 75% trans isomer, 95.6% (FairÞeld American, Frenchtown, NJ); d-phenothrin, 96%; malathion, 98%; and lindane, 99.5%, were supplied by Chem Service, West Chester, PA.
Lice were placed on insecticide-treated chromatography paper. The untreated paper was purchased from ScientiÞc Adsorbents, Atlanta, GA, and manufactured by Macherey-Nagel, Germany (catalog # MN261).
This article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation by the U.S. Army for its use.
Rabbits were housed in a USDA-regulated animal care facility in accordance with USDA animal use welfare regulations and under the oversight of a standing institutional animal use review committee.
Paper Treatment Protocol. The chromatography paper was cut into circles (9 cm diameter) and laid ßat on stainless steel trays. A pipette was used to evenly distribute 0.82 ml of an insecticideÐ carrier dilution onto the paper. The insecticideÐ carrier dilutions were made following as closely as possible an undated, anonymous protocol entitled ATESMOÑINSECTI-CIDEÑTESTPAPERS FOR WHO, received March 1985 from the Division of Vector Biology and Control, WHO. This protocol speciÞes that trichloroethylene (TCE) be used as the solvent. We have observed that the insecticideÐ carrier solutions spread more evenly across the chromatography paper, making it easier to get uniform coverage, when TCE is used as a solvent as opposed to acetone.
The speciÞc methods for preparing the diluents for this study are as follows: (1) For the pyrethroids, the carrier was silicon ßuid (#556, Dow Corning, Midland, MI) that had a speciÞc weight of 0.971. The diluent was made by diluting 12.13 ml of silicon ßuid into 50 ml with trichloroethylene (TCE) (catalog #25, 140 Ð2, Aldrich, Milwaukee, WI). (2) For lindane, the carrier was a white mineral oil, semtrol 85 (Witco, Petrolia, PA) (speciÞc weight 0.847), which was similar to the risella oil speciÞed in the WHO protocol. The diluent was made by diluting 13.9 ml of semtrol 85 to 50 ml with TCE. (3) For malathion, the carrier was food-grade extra light 100% pure and natural olive oil, speciÞc weight 0.9164. Added to 475 ml olive oil was 87.5 mg of the anti-oxidant ionol CP (catalog #24,002Ð 8, Aldrich). The diluent was made by diluting 12.8 ml of olive oil to 50 ml with TCE.
We report our doses in mg of active ingredient per ml of diluent. Because 0.82 ml of the insecticide-diluent solution were added to each paper, the amount of active ingredient per paper can easily be calculated. WHO reports their doses as percentages of a weight of insecticide per volume of oil (e.g., a 1% paper was treated with a diluent containing 3 g [AI[ insecticide per 300 ml oil). WHO states that each paper is to be impregnated with 3.6 mg/cm 2 , so they adjust the volume of oil added to the paper based on the density of the oil. We make this adjustment in our oilÐsolvent mixture and use the same quantity of this mixture for all papers. Therefore, for pyrethroid papers, WHOÕs 1% dosage equals our dosage of 2.42 mg/ml; for organochlorine papers, WHOÕs 1% dosage equals our dosage of 2.78 mg/ml; and for organophosphates papers, WHOÕs 1% dosage equals our dosage of 2.57 mg/ml. The conversion factor is different for the different papers because of the differences in the speciÞc weight of the carrier oils.
Test Protocol. Insecticide-treated papers were placed in the lid (or larger half), of a standard plastic petri dish (100 by 15 mm) (catalog #8-757-12, Fisher, Pittsburgh, PA). For this test, the petri dish was used upside down with the top of the lid sitting on the table. Ten to 20 adult lice were placed on the smaller half of the petri dish, which was then tilted so the lice accumulated on the bottom edge. They were then dropped onto the center of the insecticide-treated paper and the smaller half of the petri dish was quickly placed into the larger half before the lice could run to the sides of the dish. The lice were unable to climb the sides of the petri dish, hence were forced to stay in contact with the insecticide-treated paper. Because the paper was slightly larger than the smaller half of the petri dish, the lice could not crawl off of it. Testing was conducted in an illuminated environmental chamber at 28 Ϯ 1ЊC and 60 Ϯ 10% RH. At least 5 different doses, 3 replicates each, were tested on 3 different days for each insecticide. Only 1 insecticide was tested on any given day.
After 6 h, knockdown readings were taken. The test time of 6 h was chosen because it allows conduct of the test within a normal 8-h workday. The petri dish was turned on its side and lightly tapped on the table. Those lice that were unable to cling to the chromatography paper were counted as knocked down. To enhance consistency, we tapped the petri dish while holding it between the thumb and Þrst 2 Þngers, with the heel of the hand resting on the table. We then raised the petri dish Ϸ4 cm and swung it down onto the table. Healthy lice clung to the paper even if the petri dish was tapped forcefully, whereas insecticideintoxicated lice readily became dislodged.
Data Analysis. Probit analysis and calculation of lethal dose ratios were performed as described by Robertson and Preisler (1992) and using the PO-LO-PC program by LeOra Software, Berkeley, CA.
Results and Discussion
Probit analysis data are presented in Table 1 . Control mortality never exceeded 5%. Lindane was most toxic, KD 50 ϭ 0.060 mg (AI)/ml; followed by permethrin, KD 50 ϭ 0.115 mg (AI)/ml; d-phenothrin, KD 50 ϭ 0.554 mg (AI)/ml; and malathion, KD 50 ϭ 1.008 mg (AI)/ml. Table 2 provides the knockdown dose ratios for various comparisons. To produce 50% knockdown, the dose (AI) of malathion required was 16.7 times that of lindane and 8.8 times that of permethrin. Among the pyrethroids, the d-phenothrin dose (AI) required to produce KD 50 was 4.8 times that This test is fast (6 h) and provides for convenient and limited handling of lice. However, we have not had an opportunity to test it on a known resistant or Þeld population. The data are presented here in the hope that individuals concerned with body louse resistance and control may Þnd the suggested diagnostic doses and knockdown dose ratios useful.
